A study of seasonal fluctuation of serum vitamin A concentrations in children in northern China showed that the prevalence of low serum levels of vitamin A was due to seasonal changes in the intakes of carotenoids. To determine whether plant carotenoids could sustain or improve children's vitamin A status during the fall and winter seasons, we performed an intervention with vegetables starting in the fall in Shandong, China. At a kindergarten, the serum vitamin A concentration was less than 1.05 µmol/ L in 39% of the children. For five days per week for 10 weeks, 22 children were each provided with approximately 238 g/day of green and yellow vegetables and 34 g/day of light-coloured vegetables. Nineteen children maintained their customary dietary intake in the fall season, which included 56 g/day of green and yellow vegetables and 224 g/day of light-coloured vegetables. Vitamins A-d 8 and Ad 4 were given before and after the interventions, respectively, and their enrichments in the circulation were determined by gas chromatography/mass spectrometry to investigate vitamin A body stores. The serum concentration of β-carotene improved in the group fed mainly green and yellow vegetables but decreased in the group fed mainly light-coloured vegetables. The serum concentration of retinol was sustained in the group fed mainly green and yellow vegetables but decreased in the group fed mainly light-coloured vegetables (p < .01). The isotope dilution tests confirmed that total body stores of vitamin A were sustained in the group fed mainly green and yellow vegetables but decreased by 27 µmol (7,700 µg), on average,
Introduction
For a vast portion of the world's population, provitamin A carotenoids from plants serve as the major dietary source of vitamin A. In China plant provitamin A carotenoids account for about 70% of dietary vitamin A [1, 2] . However, as in many developing countries, seasonal variations in the availability of plant foods result in fluctuations in intake, and thus vitamin A status declines during the fall and winter seasons. To characterize the range in distributions of serum retinol concentrations and to determine the relative effect of plant carotenoids on vitamin A nutrition, we conducted a study among 80 10-year-old Banqiao elementary schoolchildren of northern China. In the spring (April), the average serum concentration of retinol was 30 µg/dl, but over 60% of the children had serum concentrations of retinol under 30 µg/dl. However, in the fall (October), the average serum concentration of retinol was 35 µg/dl, and only 24% of the children had serum retinol concentrations under 30 µg/dl ( fig. 1 ). The daily intakes of fat and total energy (2,000 kcal), protein (50 g), and preformed vitamin A (140 µg, from animal foods) in April and October were similar. However,the average provitamin A carotenoid intakes were higher in October (2,300 µg/day) than in April (1,400 µg/day). The prevalence of low serum retinol concentration in the spring was probably due to the low intake of carotenoids.
Vegetable intervention study
To further investigate whether ingestion of plant carotenoids can prevent or reverse decrements in vitamin A nutrition that occur during the winter, we conducted a 10-week vegetable intervention study during which we provided green and yellow vegetables or light-coloured vegetables and monitored their effects on vitamin A nutrition of Chinese pre-school children.
The study was conducted in Tai-An, Shan-Dong Province, 600 km south of Beijing. The availability of fruits and vegetables in Tai-An fluctuates with the season, In the fall light-coloured vegetables such as cabbage, Chinese cabbage, potatoes, and turnips are most abundant and least expensive, whereas in the summer there is a wide variety of dark-coloured vegetables and fruits.
Subjects and methods

Subjects
Two classes of 41 pre-school children (5 to 6.5 years old) whose body weights and heights were in the normal range for age were recruited into the study. Forty percent of the children had serum retinol concentrations less than 30 µg/dl. One month before the beginning of the intervention, all the children were given 400 mg of albendazole. Thus, no parasitic infection was observed in any of the children at the start of the vegetable intervention.
Methods
Retinyl acetate labelled with four or eight deuterium atoms in the molecule was used to measure the wholebody stores of vitamin A quantitatively before and after the vegetable intervention [3] [4] [5] [6] [7] . On day 0, 3 mg of octadeuterated retinyl acetate in corn oil was given to each child, and blood was sampled on day 3 (n = 23, 3-day subgroup) or day 21 (n = 18, 21-day subgroup) after the dose. The same procedure was repeated after the vegetable intervention using tetradeuterated retinyl acetate. The total carotenoid content of the vegetables provided during the study was determined by paper chromatographic analysis [8] . Individual carotenoids in the vegetable foods were measured by high-performance liquid chromatography (HPLC) [9] .
Dietary intervention
The dietary intervention took place during days 22 to 92 of the study. The two groups of children ate their meals at school five days per week in their separate classrooms so that there was no possibility of crossover between dietary interventions. The dietary intakes of energy, fat, protein, preformed vitamin A, and minerals for the two groups during the study were similar. Both groups consumed about 30% of energy as fat, which is comparable to typical dietary intakes of children in the region. Each child in the group given mainly green and yellow vegetables ate 238 g/day of dark-green leafy or yellow vegetables, such as spinach, Chinese chive, broccoli, carrots (fresh and dried), and red yam, and 34 g/day of light-coloured vegetables, such as cabbage, Chinese cabbage, potato, cucumber, and turnip. Each child in the group given mainly light-coloured vegetables consumed 56 g/day of dark-green leafy or yellow vegetables and 224 g/day of light-coloured vegetables.
Results
The 238 g of green and yellow vegetables contained 8,280 µg of carotenoids, as determined by the paper chromatographic method [8] , including 4,670 µg of β-carotene, 4,200 µg of lutein, and other provitamin A carotenoids (700 µg of α-carotene, 60 µg of cryptoxanthin, and 50 µg of 13-cis-β-carotene) as determined by HPLC [9] . In the 56 g of fresh green and yellow vegetables, the total carotenoid content was 1,340 µg (by paper chromatography), including 700 µg of β-carotene, 600 µg of lutein, and a negligible amount of other carotenoids (by HPLC). In the 224 g of lightcoloured vegetables, the total carotenoid content was negligible (less than 10 µg). The recommended dietary allowance of vitamin A for this age group in China is 750 retinol equivalents (RE)/day [10, 11] .
Serum samples were analysed by HPLC and showed that the serum concentration of β-carotene (for the three-day subgroup) was increased in the group fed mainly green and yellow vegetables and decreased in the group fed mainly light-coloured vegetables (fig. 2) . The serum concentration of retinol was significantly decreased in the group fed mainly light-coloured vegetables, even though the baseline serum retinol concentration was higher in this group than in the group fed mainly green and yellow vegetables ( fig. 3 ). Because more than 90% of total body vitamin A is stored in the liver, the measurement of serum retinol concentration does not tell us the total body stores of vita- No. of subjects min A. The stable isotope technique is the only method of quantitatively measuring total body vitamin A stores, and it is minimally invasive compared with liver biopsy. We used the modified Bausch and Rietz equation and the enrichment data [12] for the serum samples collected 21 days after a labelled vitamin A dose (21-day subgroup) to quantitatively estimate total body stores of retinol before and after the intervention (fig. 4 ). The total body stores of retinol of the group fed mainly green or yellow vegetables did not change, whereas that of the group fed mainly light-coloured vegetables tended to decrease (p < .06, paired t test). The average decrease was 7.7 mg per child.
Discussion
Comparison of intakes of carotenoids in the children's diets during the 10 weeks of intervention and the resulting total body retinol stores revealed that the additional 186.6 mg of all-trans-β-carotene and 38 mg of other provitamin A carotenoids (α-carotene, cryptoxanthin, and 13-cis-β-carotene) eaten by the group fed mainly green and yellow vegetables prevented a loss of 7.7 mg of retinol in each child's body stores. Assuming that α-carotene, cryptoxanthin, and 13-cis-β-carotene have half the vitamin A activity of all-trans-β-carotene, provitamin A carotenoids (mainly β-carotene) from the vegetables provided, we estimated the retinol equivalence to be 27 to 1 by weight or a molar ratio of 14 to 1.
Fifty grams of spinach contains 1,500 µg of provitamin A carotenoids, 50 g of carrots contains about 2,000 µg of provitamin A carotenoids, and 100 g of eggs (about two eggs) contains about 200 µg of retinol ( fig. 5 ). Based on our conversion factor that 27 µg of provitamin A carotenoids will provide 1 µg of liver retinol, we determined that 50 g of spinach will provide 55 RE, 50 g of carrots will provide 75 RE, and 100 g of eggs will provide 100 RE. Therefore, green and yellow vegetables Comparison between spinach, carrots, and eggs. Fifty grams of spinach will provide 55 RE, 50 g of carrots will provide 75 RE (according to our conversion factor: 27 µg of vegetable provitamin A carotenoids will provide 1 µg of retinol stored in the body), and 100 g of eggs will provide 100 RE (assuming 2 µg of preformed vitamin A will provide 1 µg of retinol stored in the body) Protection of vitamin A status in Chinese children are equivalent to eggs in providing vitamin A nutrition. Vitamin A nutrition in the kindergarten children during the fall months was sustained by supplying green and yellow vegetables with the meals served at the school. In the group not eating vegetables rich in carotenoids (similar to vegetable intake in the winter of northern China), the concentration of vitamin A in serum as well as in liver decreased.
Conclusions
This study demonstrated the effectiveness of vegetables rich in provitamin A carotenoids for providing adequate vitamin A nutrition to children. In areas where the availability of green and yellow vegetables is seasonal, educational programmes should be introduced to encourage a high consumption of plants containing provitamin A carotenoids.
